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We, E. I. Du Pont De Nemours and 
Company, a corporation organised and exist- 
ing under the laws of the State of Delaware, 
United States of America, of Wilmington, 
5 State of Delaware, United States of America, 
do hereby declare the invention, for which we 
pray that a patent may be granted to us, and 
the method by which it is to be performed, 
to be particularly described in and by the 
10 following statement: — 

This invention concerns improvements in 
and relating to detonating explosive composi- 
tions. 

British Patent Specification No. 857,175 

15 describes flexible detonating explosive com- 
positions consisting essentially of PETN 
(pentaerythritol tetranitrate), of specified very 
fine particle size and in amount at least 44%, 
soluble NC (nitrocellulose), of average DP 

20 (degree of polymerization) 2000 to 3000 and 
in amount 6.5 to 14%, and plasticiser such as 
a trialkyi (C 2 to C 8 ) ester of 2-acetoxy-l,2,3- 
propanetricarboxylic acid, in amount 15 to 
35%, such as have excellent explosive pro- 

25 perties and can readily be formed into sheets. 
Nevertheless, we have found that similar ex- 
plosive compositions based on RDX and/or 
HMX according to the present invention have 
similarly good explosive and physical proper- 

30 ties, and are even superior in certain respects, 
especially at higher explosive loadings. 

According to the present invention, there is 
provided a detonating explosive composition 
comprising a substantially uniform blend con- 

35 sisting essentially of crystalline cyciotri- 
methylenetrinitramine and /or cyclotetra- 
methylenetetranitramine, in amount up to sub- 
stantially 85%, and preferably at least 65, 
especially 68, to 80%, and of average particle 

40 size below 200 microns, high viscosity soluble 
nitrocellulose in amount substantially to 
15%, preferably 2 to 8%, and a plasticizer 
for nitrocellulose being a phosphate ester of 



general formula 0=P— (OR) 3 and/or a 
carboxylate ester of general formula 45 

X(OOCCH 3 ) m (OOCR) u , 

wherein the R groups may be the same or 
different and are C, to Q, preferably at 
least C.„ functionally-unsubstituted (i.e. inert 
in the system in the sense that the mono- 50 
hydroxy compounds ROH have no reactive 
groups other than the OH groups) aliphatic- 
ally-saturated organic, preferably hydrocarbyl, 
radicals, X is a C l to C s hydrocarbon nucleus, 
preferably saturated, particularly saturated 55 
acyclic, or a benzenoid nucleus, to which the 
ester groups are attached, m is either 0 or 
1 and k is either 2 or 3, in amount substan- 
tially 10 to 34.5%, preferably 12 to 30%, 
all percentages being by weight. 60 

Cyclotrimethylenetrinitramine is commonly 
referred to as RDX, hexogen or cyclonite. 
Cyclotetramethylenetetranitramine is com- 
monly referred to as HMX, octogen or homo- 
cyclonite. Mixtures of these nitramines may be 65 
used, e.g. the reaction products formed by 
subjecting hexamethylenetetramine, or the pre- 
cursors, formaldehyde and ammonium nitrate, 
to nitrolysis. As the explosive loading drops, 
the compositions tend to be harder to initiate, 70 
to have lower explosive strengths and detona- 
tion velocities and eventually even fail to pro- 
pagate detonation reliably. As the explosive 
loading, increases the compositions tend to be- 
come more difiicult to mix and shape and to 75 
have less desirable physical properties. The 
average particle size, referred to herein, means 
weight average particle size, as calculated 
from standard sieve analysis values and from 
microscopic measurement values for particles 80 
generally smaller than the standard 325-mesh 
sieve apertures of 43 — 44 microns. In general, 
the initiation sensitiveness of nitramines of 
average particle size below 100 microns is 
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better, and nitramine crystals of such rela- 
tively smaller particle sizes are generally 
preferred, especially up to 75 microns although 
generally, they will be at least 1 micron in 
5 diameter. 

The high viscosity soluble nitrocellulose is 
described in British Patent Specification No. 
857175 and should generally be of average 
DP substantially 2000 to 3000 and of nitrogen 

10 content 7, preferably 9, to 13%. By soluble is 
meant solubility in a mixture of ethyl ether and 
ethyl alcohol. 

Suitable phosphate and carboxylate esters 
include triethyl phosphate, tris(2 - ethylhexyl) 

15 phosphate, tris(tetrahydrofurfuryl) phosphate, 
diisoctyl adipate, bis(2-ethylbutyl) azelate, bis- 
(2-ethylhexyl) phthalate, triethyl 2-acetoxy- 
1,2,3 -propanetricarboxylate, tris(2-ethylhexyl) 
2 - acetoxy - 1 3 2,3 - propanetricarboxylate, 

20 and preferably tributyl phosphate, dibutyl 
phthalate, bis(2-ethylhexyl) adipate, and bis(2- 
ethylhexyl) sebacate, and especially tributyl 2- 
acetoxy - 1,2,3 - propanetricarboxylate and 
other alkyl esters of 1,2,3 - propane tri- 

25 carboxylic acid. More than one ester may, of 
course, be present, and thus, the ester may con- 
sist at least in part of one or more of these 
esters and optionally one or more other esters. 
In selecting any particular plasticizer or 

30 plasticizer mixture for any particular com- 
position of the invention, the plasticizer should 
desirably have a negligible rate of evaporation 
in the composition, be liquid over the tem- 
perature range of use, e.g. —40 to -fl60°F., 

35 have a low solubility in and solvent power 
for water, and be substantially a non-solvent 
for the nitramine selected, but be at least 
partially miscible, and preferably completely 
miscible, with the grade of nitrocellulose em- 

40 ployed, and should maintain relatively constant 
properties with time and over the tempera- 
ture range to which it is to be exposed. 
Further details are given in Chapter 15 of 
The Technology of Solvents and Plasiicizers 

45 by A. K. Doolittle, New York, John Wiley 
and Sons, Inc. (1954). When the nitrocellulose 
concentration is about 2 to 8%, especially 2 
to 4% of the total explosive composition, it 
is preferred to use at least 4:1 ester: NC to 

50 get good flexibility at low temperatures, in- 
cluding subzero temperatures. 

The explosive compositions of the present 
invention may be prepared as described in 
British Patent Specification No. 875175, but 

55 it is preferred first to form a uniform blend 
of some, e.g. 50 to 90%, especially 65 to 
85%, by weight of the nitramine and sub- 
stantially all of the plasticizer, and then to 
blend in the NC until no lumps or inhomo- 

60 geneities (uncolloided NC) are present before 
adding the rest of the nitramine and blending 
to get uniformity, and preferably to make 
small unconsolidated granules. Elevated tem- 
peratures, such as 100 to 150°F. (38 to 65°C), 
65 preferably 120 to 140°F. (50 to 60°Q), gener- 



ally facilitate blending and it is therefore 
preferred that the blending should be carried 
out at least in part at an elevated temperature. 
The nitramine may first be conventionally 
wetted with water or another non-solvent, to 70 
reduce hazards, but at least some, e.g. at least 
one-sixth, or all of the nitramine is preferably 
pre-coated with the NC plasticizer, e.g. in 
amount 5 to 25% of the weight of nitramine/ 
ester combination, especially if moderately fine 75 
or very fine particles are used. The use of the 
NC plasticizer avoids, introducing extraneous 
ingredients into the explosive composition. 
Drop test values (measured as minimum dis- 
tances a 5kg weight can drop onto the test 80 
samples . in a modification of the apparatus 
described in U.S. Bureau of Mines Bulletin 
346 (1931) and cause detonation in 10 out 
of 20 samples) of very fine, below 44 microns, 
RDX and HMX are increased from 12 — 14 85 
and 6" — 8, respectively, without any ester coat- 
ing, to 54 and 43, respectively with 5% 
coatings and to a maximum of over 56 and 
53, respectively, with 10% coatings of the 
tributyl 2 - acetoxy - 1,2,3 - propanetri- W 
carboxylate, which means that the impact 
sensitivities are correspondingly reduced by 
these ester coatings. 

The NC may also be used wetted with water 
and/or alcohol, but, provided that careful 95 
precautions are taken to avoid the resultant 
increased hazard, it may be preferred to use 
substantially dry NC, especially when no water 
or other extraneous ingredient is used with 
the nitramine. 100 

The resulting generally granular explosive 
products may readily be. converted into com- 
pact, self-supporting yet flexible articles such 
as sheets, including tapes, cords, blocks and 
other rectilinear and curvilinear shaped articles, 105 
including those of relatively complex con- 
figuration, e.g. having V-grooves or cavities, 
by conventional processes including pressure 
molding, rolling and extrusion, at ambient or 
elevated temperatures, depending on the par- 110 
ticular composition and type of forming in- 
volved, and may be cut or sliced to give special 
configurations not obtained by the usual form- 
ing procedures. Sheets of 0.05 to 0.5 inch 
(1.25 mm to 1.25 cm) in thickness at load- 115 
ings of 1.3 to 14 grams per square inch of 
surface area, and cords of diameter 0.125 to 
0.75 inch (* cm to 2 cm) at loadings of 0.3 
to 1.2 grams per inch of length are especially 
suitable. 120 

The following Examples further illustrate 
the invention; all parts and percentages are 
by weight. 

Example 1 

RDX is premixed with an agitator in a 125 
water-jacketed mixer at about 130°F. (54°C.) 
with 15 to 20% of water, and 15 to 25% of 
the total is removed from the mixer. The 
heated wet nitramine remaining in the mixer 
is blended for several minutes with the ester 130 
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10 



15 



20 



(tributyl 2-acetoxy- 1,2,3 -propanetrica rboxyl- 
ate), in the proportions indicated in Table 1, 
until a uniform mixture is obtained. Free 
water in the mixture is then decanted, and a 
small amount (0.2—0.5% of the total com- 
position) of an inert pigment or dye, e.g. 
lead chromate, is added, if desired, to impart 
a distinctive color to the final composition. 
Nitrocellulose, in the proportions indicated in 
Table 1, having a nitrogen content of about 
12.3% and a degree of polymerization around 
3000 is then incorporated in three portions at 
intervals of a few minutes, the portions con- 
stituting about £ and £ of the total nitro- 
cellulose, respectively. The heating and agita- 
tion . are maintained during and after this 
addition until all lumps or inhomogeneities are 
gone, signifying the absence of uncolloided 
nitrocellulose, and until the mixture is sub- 
stantially water-free when the remaining 15 
to 25% of the wet crystalline cyclotri- 
methylenetrinitramine is incorporated, and the 
mixture is heated and agitated for several 



additional minutes, until the mass is con- 
verted into small, substantially dry, non-con- 25 
solidated granules, which are removed from 
the mixer and passed to an extruder to form 
tough yet flexible sheet explosive products 
characterized by a high degree of uniformity 
in thickness, composition, and consistency. The 30 
explosive characteristics are assessed for sheet 
products of the same thickness, 0.16 inches (4 
mm), except for composition 6 which is of 
thickness 0.32 inches (8 mm) and at equiva- 
lent weight loadings per unit of area, by 35 
measuring the velocity of detonation of the 
sheets when initiated by the indicated initia- 
tors. 

Compositions 1 to 4, inclusive, contain very 
fine crystals (average particle size, 7 — 10 40 
microns) of RDX, whereas composition 5 con- 
tains crystals of somewhat larger size (aver- 
age particle size, 70—80 microns), and com- 
position 6 contains relatively coarse crystals 
(average particle size, 170 — 180 microns). 45 



Table I 



Composition No. 


1 


2 


3 


4 


5 


6 


% RDX 


68 


70 


72 


75 


70 


70 


%>*Ester^ 


26 


25 


24 


20 


25 


25 




6 


5 


4 


5 


5 


5 


Density, g/cc 


1.52 


1.52 


1.53 


1.58 


1.51 


1.53 


Detonation Test 














Initiator 


(a) 


(a) 


GO 


(a) 


(a) 


(c) 


Velocity of Detonation, 
meters/sec 


7250 


7460 


7250 


7460 


7170 


6570 



(a) Blasting cap with base charge of 12 grains of PETN. 

(b) Blasting cap with base charge of 9 grains of PETN. 

(c) 8-Gram pellet of waxed cyclotrimethylenetrinitramine. 



Sheet explosive products having similar ex- 
plosive and physical characteristics are ob- 
tained when tributyl phosphate, dibutyl phthal- 

50 ate, bi^fet^ylhexy^wadipate, or bis(2-ethyl- 
hexyl) sebacate is substituted on an equivalent 
weight basis for the tributyl 2-acetoxy- 1,2,3 - 
propanetricarboxylate in the above composi- 
tions. These formulas also can be shaped 

55 into tough yet resilient and flexible sheet pro- 
ducts by cold or hot rolling procedures, or 
alternatively, they can be converted into tapes, 
cords, and similar configurations, for example, 
by extrusion through suitable dies. 



Example 2 60 
Following the general procedure of Ex- 
ample 1, a composition (Composition No. 7) 
of 70% cyclotetramethylenetetranitramine 
having an average particle size in the 12 — 15 
micron range, 22% of tributyl 2-acetoxy- 65 
1,2,3-propanetricarboxylate, and 8'% of the 
high-viscosity, soluble nitrocellulose of the 
compositions of Example 1 is prepared by first 
adding all the tributyl ester to the fine- 
particle cyclotetramethylenetetranitramine and 70 
allowing the mixture to stand for a period 
sufficient for the ester to coat and soak into 
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10 



15 



20 



25 



30 



the nitramine crystals. At a temperature of 
approximately 140°R (60°C), the nitro- 
cellulose, in water-wet state, then is incor- 
porated into the coated crystals in approxi- 
mately three equal portions. Mixing is 
continuous at the specified temperature until 
the nitrocellulose is thoroughly blended in and 
the mixture is substantially dry. The mass then 
is removed from the mixer and extruded 
through dies to form explosive cords of various 
diameters. One cord product so obtained has 
a diameter of 0.46 inch (12.5 mm) and a 
density of 1.58 g/cc. When initiated with the 
aid of an 18-gram pellet of waxed cyclorri- 
methylenetrinitramine, a 44-inch (1.1 m) 
length of this cord detonates completely at 
a velocity of 7350 meters per second. 

Finished cyclotetramethylenetetranitramine- 
containing explosive products of substantially 
the same physical and explosive properties are 
obtained when the foregoing procedure for 
preparing the subject formula is modified by 
withholding from the blending process a por- 
tion of the ester-coated cyclotetramethylene- 
tetranitramine, e.g., about from 10 to 25% 
thereof, until after the nitrocellulose is added 
and thoroughly blended in. The more granular 
product so obtained is, however, somewhat 
easier to handle and fabricate into void-free 
shaped articles such as cords, tapes and sheets. 

Example 3 
Following the general procedure of the fore- 
going Examples, the compositions of follow- 



ing Table 2 are prepared by thoroughly blend- 
ing and coating the specified amount of cyclo- 35 
terramethylenetetranitramine (HMX) in Table 
2, and having substantialy all particles smaller 
than 50 microns and an average particle size 
of less than 8 microns) with the specified pro- 
portion of tributyl 2 - acetoxy - l,2 a 3 - pro- 40 
panetricarboxylate ("ester 3 ' in Table 2) and 
setting aside a portion of approximately 30% 
of the resulting mixture for later use. Then, 
at a temperature of about 140°F. (60°C), the 
total quantity of nitrocellulose (NC) speci- 45 
fied is added in dry form in several portions 
to that part of the cyclotetramethylenetetra- 
nitramine-ester mixture remaining in the 
mixer, and mixing is continued at the same 
temperature until the mass is substantially free 50 
of uncolloided nitrocellulose. The portion of 
the cyclotetramethylenetetranitramine - ester 
mixture previously reserved is incorporated 
into the mixture, and the resulting mass is 
agitated until small, non-consolidated granules 55 
are obtained. During the last few minutes of 
mixing, the mixer is maintained under vacuum 
to allow entrapped air to escape from the 
mass. The product then passes to an extruder 
that is fitted with dies of various sizes to pre- 60 
pare cord products ranging from 0.125 to 
0.25 inch (approximately 3 to 6 mm) in dia- 
meter, whose densities are determined at the 
same diameter and at equivalent weight load- 
ings per unit of length and whose detonation 65 
velocities are measured when initiated by a 
10-gram PETN primer. 





Table 2 






Composition No. 


8 


9 


10 


% HMX 


80.0 


85.0 


85.0 


% Ester 


17.5 


13.5 


14.5 


% NC 


2.5 


1.5 


0.5 


Density, g/cc 


1,64 


1.67 


1.69 


Velocity of Detonation, 
meters/sec 








0 . 125-in. (3 mm) cord 


7350 


7620 


8020 


0.187-in. (4.5 mm) cord 


7640 


7875 


8100 


0.250-in. (6 mm) cord 


7975 


8195 


8250 



Example 4 

70 Table 3 contrasts explosive and physical 
characteristics of several explosive composi- 
tions of this invention with characteristics of 
explosive compositions of the type disclosed 
in British Patent Specification No. 857175. 

75 The crystalline high explosives are of com- 
parable very fine particle size, i.e. substantially 



all of the particles are smaller than 44 — 50 
microns. The average particle size of the 
PETN is about 7 to 10 microns, and that 
of the RDX and HMX is 8 microns or less. 
The "ester 1 * in the compositions of Table 3 
is tributyl 2 - acetoxy - 1,2,3 - propanetri- 
carboxylate. 



80 
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Table 3 shows that these compositions of 
the present invention have higher densities and 
velocities of detonation than the comparable 
explosives containing PETN, and composi- 
5 tions 12 to 15 containing higher explosive 
loadings are, in addition, markedly superior to 
the comparable PETN-containing composi- 
tions in their ability to withstand exposure 
to normal and low (subzero) temperature with- 
10 out becoming so brittle as to be inflexible and 
subject to cracking and crazing. Such higher 
loadings are preferred for some applications, 
and the use of PETN at such loadings can 
lead to processing difficulties, as well as the 

15 indicated physical characteristics, as contrasted 
with RDX and HMX. Furthermore, it should 
be noted that, in contrast to PETN, which 
must be used in ultra fine form, RDX and 
HMX gives products that are adequate for 

20 many purposes without any necessity for such 
fine particle sizes, 

WHAT WE CLAIM IS: — 
1. A detonating explosive composition com- 
prising a substantially uniform blend con- 

25 sisting essentially of crystalline cyclotri- 
methylene trinitramine and/or cyclotetra- 
methylenetetranitramine, in amount up to sub- 
stantially 85%, and of average particle size 
below 200 microns, high viscosity soluble nitro- 

30 cellulose in amount substantially \ to 15%, 
and a phosphate ester of general formula 
O — P — (OR) a and/or a carboxylate ester of 
general formula 

X(OOCCH 3 ) ra (OOCR) k , 

33 wherein the R groups may be the same or 
different and are Q to C a functionally-un- 
substituted aliphatically-saturated organic radi- 
cals, X is a C x to C s hydrocarbon nucleus, 
to which the ester groups are attached, m is 

40 either 0 or 1 and k is either 2 or 3, in 
amount substantially 10 to 34.5%, all percent- 
ages being by weight. 

2. A composition according to Claim 1, 
wherein the amount of nitramine is at least 

45 65% by weight. 

3. A composition according to Claim 2, 
wherein the amount of nitramine is at least 
68% by weight. 

4. A composition according to any of 
50 Claims 1 to 3, wherein the amount of 

nitramine is up to 80% by weight. 

5. A composition according to any of 
Claims 1 to 4, wherein the average particle 
size of the nitramine is below 100 microns. 

55 6. A composition according to Claim 5, 
wherein the average particle size of the 
nitramine is up to 75 microns. 

7. A composition according to any of 
Claims 1 to 6, wherein the average particle 

60 size of the nitramine is at least 1 micron. 

8. A composition according to any of 
Claims 1 to 7, wherein the amount of nitro- 
cellulose is at least 2% by weight. 



9. A composition according to any of 
Claims 1 to 8, wherein the amount of nitro- 65 
cellulose is up to 8% by weight. 

10. A composition according to Claim 9, 
wherein the amount of nitrocellulose is up to 
4% by weight. 

11. A composition according to any of 70 
Claims 1 to 10, wherein the amount of the 
ester is at least 12% by weight. 

12. A composition according to any of 
Claims 1 to 11, wherein the amount of the 
ester is up to 30% by weight. 75 

13. A composition according to any of 
Claims 1 to 12, wherein the weight of ester 
is at least four times the weight of the nitro- 
cellulose. 

14. A composition according to any of 80 
Claims 1 to 13, wherein the R groups are 
hydrocarbyl groups. 

15. A composition according to any of 
Claims 1 to 14, wherein the R groups con- 
tain up to 4 carbon atoms. 85 

16. A composition according to any of 
Claims 1 to 15, wherein X is a benzenoid 
nucleus. 

17. A composition according to any of 
Claims 1 to 15, wherein X is a saturated 90 
nucleus. 

18. A composition according to Claim 17, 
wherein X is an acyclic nucleus. 

19. A composition according to Claim 18, 
wherein the ester is, at least in part, an alkyl 95 
ester of 1,2,3-propane tricarboxylic acid. 

20. A composition according to Claim 19, 
wherein the ester is, at least in part, the 
tributyl ester. 

21. A composition according to any of 100 
Claims .1 to 20, wherein the ester is, at least 

in part, any of those hereinbefore specifically 
mentioned. 

22. A composition according to any of 
Claims 1 to 21, substantially as hereinbefore 105 
described. 

23. A composition according to Claim 22, 
substantially as described in any of the fore- 
going Examples. 

24. A process for preparing an explosive 110 
composition comprising intimately blending 
together to form a uniform blend crystalline 
cyclotrimethylene trinitramine and/or cyclo- 
tetramethylenetetranitramine of average par- 
ticle size below 200 microns in amount up to 115 
substantially 85%, high viscosity soluble nitro- 
cellulose in amount substantially £ to 15%, 

and a phosphate ester of general formula 
6 = P — (OR) 3 and/or a carboxylate ester 
of general formula 120 



X(OOCCH 3 ) m (OOCR) k , 

wherein the R groups may be the same 
or different and are Q to C 8 functionally-un- 
substituted aliphatically-saturated organic radi- 
cals, X is a Q to C 8 hydrocarbon nucleus, 125 
to which the ester groups are attached, m is 
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either 0 or 1 and k is either 2 or 3, in 
amount substantially 10 to 34.5%, all per- 
centages being by weight. 

25. A process according to Claim 24, where- 
5 in the components and/or amounts are as 

claimed in any of Claims 2 to 21. 

26. A process according to Claim 24 or 
25, wherein at least some of the nitramine 
is precoated with the ester before blending. 

10 27. A process according to Claim 26, 
wherein the amount of ester coating is at 
least 5'% based on the total weight of 
nitramine and ester coating. 

28. A process according to Claim 26 or 
15 27, wherein the amount of ester coating is 

up to 25% based on the total weight of 
nitramine and ester coating. 

29. A process according to any of Claims 
24 to 28, wherein some of the nitramine is 

20 blended with substantially all of the plasti- 
cizer before blending with the nitrocellulose. 

30. A process according to Claim 29, 
wherein the rest of the nitramine is blended 
into the composition after substantially all 

25 of the nitrocellulose has been blended in. 

31. A process according to Claim 29 or 
30, wherein the amount of nitramine blended 
with the plasticizer before blending with the 
nitrocellulose is at least 50% by weight of 

30 the nitramine. 

32. A process according to Claim 31 3 
wherein the amount of nitramine blended 
with the plasticizer before blending with the 
nitrocellulose is at least 65% by weight of 

35 the nitramine. 

33. A process according to any of Claims 
29 to 32, wherein the amount of nitramine 
blended with the plasticizer before blending 
with the nitrocellulose is up to 90% by 

40 weight of the nitramine. 

34. A process according to Claim 33, 
wherein the amount of nitramine blended with 



the plasticizer before blending with the nitro- 
cellulose is up to 85% by weight of the 
nitramine. 45 

35. A process according to any of Claims 
24 to 34, wherein the blending is carried 
out, at least in part, at an elevated tempera- 
ture. 

36. A process according to Claim 35, 50 
wherein the elevated temperature is at least 
100°F. 

37. A process according to Claim 36, 
wherein the elevated temperature is at least 
120°F. 55 

38. A process according to any of Claims 
35 to 37, wherein the elevated temperature 
is up to 150°F. 

39. A process according to Claim 38, 
wherein the elevated temperature is up to 60 
140°F. 

40. A process according to any of Claims 
24 to 39, wherein the nitrocellulose is added 
in a substantially dry form. 

41. A process according to any of Claims 65 
24 to 40 substantially as hereinbefore de- 
scribed. 

42. A process according to Claim 41 sub- 
stantially as described in any of the foregoing 
Examples. 70 

43. An explosive composition prepared 
according to any of Claims 24 to 42. 

44. An explosive composition according to 
any of Claims 1 to 23 or 43 in the form of 

a shaped article. 75 

45. A composition according to Claim 44, 
which is a sheet. 

46. A composition according to Claim 44, 
which is a cord. 

A. A. THORNTON & CO., 
Chartered Patent Agents, 
Northumberland House, 
303—306 High Holborn, 
London, W.C.I. 
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